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ABSTRACT
Daily atmospheric recordings of temperature, relative 
humidity, barometric pressure, wind velocity, temperature 
Inversion gradients, and suspended particulate concentrations 
were made over a period of six months on the University of 
Dayton campus. During the last three months the sampling for 
suspended particulates was categorized into five size ranges, 
corresponding to various depth penetration levels in the human 
respiratory tract.
Corresponding daily records were made on the pulmonary 
performance of ten, non-smoking university students who spent 
each day in the vicinity of the atmospheric sampling. Resting 
records, measured by pneumograph impedance, and forced records, 
measured by standard spirometric tests, were used as quantitative 
Indices of respiratory stress and functional obstructive tenden­
cies. Daily means for the respiratory measurements were then 
correlated with the atmospheric variables.
The data were subjected to multiple regression analysis.
Low temperature, low barometric pressure, rapid and large changes 
in temperature and barometric pressure, and extremes of relative 
humidity were the atmospheric variables which showed highly sig­
nificant (P< 0.001) correlation with resting pulmonary perfor­
mance and some significant (P^O.Ol) correlation with forced 
expiratory records. Suspended particulate concentrations showed 
no relationship to either the forced or resting records. Since 
resting pulmonary performance showed greater involvement than 
forced expiration, the stress effects of weather are probably 
more general and functionally restrictive in respect to ventila­
tion than they are specifically obstructive.
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8INTRODUCTION
Recent studies have attempted to determine the influence 
of particulate air pollution and meteorological variables on 
human respiration, especially with regard to respiratory disease, 
respiratory related deaths, and general pulmonary performance. 
Interest from physicians and the general population has been 
aroused regarding these relationships due to frequent and in­
creasing occurrence of respiratory distress among inhabitants 
of the Miami Valley in southern Ohio. No studies have concen­
trated on these relationships in Dayton despite the 1967 report 
of the U.S. Public Health Service ranking Dayton 26th in the 
nation with respect to other cities having air pollution prob­
lems, and the 1969 Midwest Research Institute Study revealing 
particulates as an acute problem in the Miami Valley (Winfrey, 
1969).
The study of air pollutants and their effect on respiratory 
response is complicated by many factors. One of the most impor­
tant of these is that meteorological factors and pollution act 
reciprocally on one another to produce synergistic effects. 
However, extremes of both have been repeatedly and Independently 
considered as potentially adverse to respiratory health. Choosing 
an appropriate indicator of respiratory response to atmospheric 
conditions has also presented problems along with determining 
the time necessary to produce this response.
Reports on respiratory response to various atmospheric
9
conditions have been conflicting. Some imply strong correlation 
between particulate air pollution and. pulmonary stress, and. 
others suggest that meteorological variables are more important. 
The effect of daily exposure to the particulates and weather 
characteristic of urban areas remains unresolved. Furthermore, 
none of the studies have performed day to day observations of 
respiratory response using pulmonary function measurements as
an index.
Another factor ignored in many studies is that particles 
greater that 5ji In diameter are filtered in the upper respiratory 
tract, and therefore, not operative in increasing airway resis­
tance or irritating respiratory passages. Thus, the measurement 
of total particulate concentration is not an accurate index of 
the respirable fraction of particles.
This project was undertaken as a pilot study to evaluate 
the relation of meteorology and ambient suspended particulates 
on the pulmonary performance of a select group of ten University 
of Dayton students who spent most of their day in the sampling
area.
The question posed is: What relations are Indicated between 
two sets of dally physical measurements: dally mean pulmonary 
responses and daily atmospheric variables?
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LITERATURE REVIEW
Meteorology and Pollution
Goldstein (1972), emphasized the difficulty of studying 
the Independent effects of weather and air pollution on health, 
since the two are so closely related. Others, Including 
Anderson and Ferris (1965), McCarroll, et al. (1966), Burrows, 
Kellogg and Buskey (1968) and Goldsmith (1969) stress that stu­
dies involving air pollution and its effect on respiratory 
disease, pulmonary function, or any aspect of human health can­
not overlook meteorological conditions as variables.
The level of air pollution in the atmosphere at any time 
depends primarily on two factors: i) the amount of pollution 
released, ii) the rate of dispersion once pollutants are released. 
The main determinant of the latter is the weather: involving 
mainly wind direction and velocity as well as the stability of 
the air (Elchmeler, 1951; Davis, 1966; Moses, Bradley and Klap­
penbach, 1970 and McBoyle, 1971). These factors determine the 
direction, distance and rate of dispersal of pollutants.
The stability of the air is determined by the vertical 
temperature lapse rate, i.e. what happens to its temperature 
with height. Normally the temperature decreases with height 
at a rate of 5.^ F per 1,000 ft (dry adiabatic lapse rate). A 
dry parcel of air moving upward in this environment expands 
slowly due to lower environmental pressure, and cools at the 
same rate. If the two lapse rates are equal, the moving parcel
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will continue to rise and pollutants will be carried upward.
If the environmental lapse rate is such that temperature 
decreases faster than the adiabatic rate, warm air from the 
surface will rise, cooling as it rises, and cool, denser air 
from above subsides to replace the rising air. Thus, convection 
currents are set up which spread pollution over a larger area.
This is known as an unstable condition, and is associated with 
low pressure systems (cyclones) typified by precipitation, fast 
winds and enhanced vertical motion (Eichmeler, 1951; Wanta, 1968; 
Holzworth, 1969; Longley, 1970 and Ramirez and Jensen, 1971).
On the other hand, the environmental temperature may Increase 
with height. This is known as a negative lapse rate and creates 
the condition called an inversion. In this case a parcel of air 
rising and cooling at the dry adiabatic rate will soon become 
cooler and more dense than the surrounding air, and begin to sink 
again. Thus, there is a limited vertical exchange, and pollu­
tants are held close to the surface. If the general circulation 
is stagnant enough this situation may exist for several days and 
pollution can build up to high levels. Atmospheric stagnation, 
concurrent with a high degree of stability, is necessary for 
contaminants to accumulate significantly. If the wind is blowing 
there will not be great accumulation (Eichmeler, 1951). Meteoro­
logical conditions favorable for stability and poor dispersion 
are anticyclones, or high pressure systems, characterized by fair 
weather, slow winds and inhibited vertical motion.
Surface based inversions are common following clear nights 
when the earth reradiates some of the heat acquired during the
12
day as long wave radiation. This causes the air near the earth 
to cool at a rate faster than the air above. Thus, cooler 
temperatures are found near the ground, and a stable condition 
arises. Long winter nights favor the formation of surface 
inversions, as does valley topography. When the sun rises the 
surface is warmed more rapidly than the upper atmosphere, and 
an unstable condition is created. If the radiation of the sun 
is not intense enough to reverse the lapse rate the inversion 
will persist, sometimes for days. This is common in the winter 
and fall, and again in valleys.
Most major pollution disasters have taken place in valleys 
under persistant stable conditions which held contaminants near 
the ground long enough to become health hazards. Such situations 
occurred in the Meuse River Valley in Belgium, 1930; Donora, 
Pennsylvania, in the Monongehela River Valley during October, 
19^8; the Thames Valley in London, 1952, 1955 and 1952; and the 
eastern United States, during November and December, 1952. They 
have been described by McDermott (1961), Goldsmith (1958), 
Holzworth (1959), Ayers and Buehler (1970) and Holland (1972).
The Miami Valley in southern Ohio presents all the necessary 
prerequisites for such inversions, and surface inversions are 
common, but no major health disasters have been recorded as a 
result.
Relative humidity is also an important meteorological vari­
able affecting air pollution. Wanta (1968) stated that any form 
of precipitation (rain, snow, hail etc.) is the most effective
scavenger of the atmosphere. But in some cases, pollution at a
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position high enough to be harmless to breathing may be brought 
down to an inspirable level. The scavenging efficiency of pre­
cipitation decreases with the size of particulate pollution, 
becoming negligible for particles 2/i and smaller (Wanta, 1968), 
and herein lies the size of the most respirable particles.
Humidity hydrates particles, making them more soluble, and 
Goldsmith (1968), points out the respiratory hazard of particles 
with increased solubility. Humidity can also influence the 
chemical reactions in which pollutants take part, leading to the 
formation of harshly irritating substances like sulfuric acid 
mist (McKee, 1971). Likewise, sunlight is a major catalyst in 
the photochemical reatlons of hydrocarbons and nitrous oxides 
given off during petroleum combustion, producing Irritants like 
ozone and other reactive compounds (McDermott, 1961; Ayers and 
Buehler, 1970 and Ludwig and Steigerwald, 1965).
Reciprocally, pollution can Influence the weather, and 
ultimately the climate (Lowry, 1967; Peterson, 1969; Longley, 
1970 and Ramirez and Jensen, 1971). Particles provide nuclei 
for the condensation of droplets (condensation nuclei) which, 
under the proper conditions, leads to the formation of fog, 
clouds and eventual precipitation (Longley, 1970; Ramirez and 
Jensen, 1971). As noted by Plass (1959)• Lowry (I967). Peterson 
(1969) and others, particulates and increased C02 resulting 
from combustion have pronounced effects on temperature and 
alteration of the vertical temperature structure, particularly 
in urban, industrialized areas.
Thus, the Interactions of pollution and meteorology are many
1U
and complex, and the problems associated with determining the 
effects of each Independently on health may be better appreciated.
Particles, Size and Deposition in the Human Lung
Morrow (i960) estimated that the normal adult male breathes
A .2 x 10 liters of air each day, and deposits 75^ of the dust 
he breathes, 25^ of it being deposited in the lower respiratory 
tract. Moreover, each liter of urban air may contain more than 
50 x 10^ particles, suggesting that each person inhales | ton 
of pollutants per year (McKee, 1971).
Particles which are too large to penetrate the upper respira­
tory tract are caught on the mucous lining and moved toward the 
back of the throat, with the aid of cilia, where they are swal­
lowed. Some particles reach the alveoli which have no mucous 
glands or cilia. Here lymphocytes of the bloodstream and macro­
phages engulf them, and carry them to the lymph nodes. Some can 
remain permanently attached to the lung tissue, potentially 
causing permanent damage, toxicity or infection (Comroe, 1966a). 
Stoklnger and Coffin (1968) noted that Inhalation and retention 
of particles caused slowing of the ciliary beat and mucous flow 
in the bronchial tree. McKee (1971) and others have pointed out 
that particles mixed with S02, NO^ and ozone are harshly irritating, 
and can Interfere with the clearing mechanism of the bronchi.
Particles large enough, and concentrated enough, will pro­
duce a convulsive, cough response, but Inhalation of smoke, dust 
and other small particles has been shown to stimulate varying 
degrees of bronchoconstriction. According to Comroe (1966b), the 
particles act on subepithelial receptors, stimulating smooth
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muscle contraction, and thus, constriction. This is a signifi­
cant reflex due to the Increased airway resistance resulting from 
the decreased diameter of the airway passages.
A good example of this type of response was noted by Comroe 
(1966b) and Slonim and Chapin (1967). Both reported that smoking 
a cigarette Induces an immediate two- to threefold increase in 
airway resistance, triggered by settling of particles less than 
lp in diameter on the sensory receptors. It does not, however, 
cause shortness of breath as asthma does, since in asthma the 
airway resistance is increased four- or fivefold. Asthmatic and 
allergic constriction are generally histamine mediated. This 
smooth muscle contraction results from the Inhalation of particles 
to which the epithelium has been sensitized (Cherniak and Cherniak, 
1965).
Andersen (1966) describes the human respiratory tract as an 
aerodynamic system capable of classifying air-borne particles.
The number of particles retained by the respiratory system, and 
their site of deposition, depends on particle dimensions, inclu­
ding size, shape and density. Likewise, physiologic and physical 
factors such as depth of tidal volume, breathing frequency, Brow­
nian motion, sedimentation properties, inertia, flow rates and 
body size Influence deposition. The have been discussed by Brown 
et al. (1950). Landahl, Trachewell and Lassen (1951» 1952), Dau­
trebande, Beckman and Walkenhorst (1959) and Morrow (i960).
Ayers and Buehler (1970) state that particles larger than 
3-5J1 in size tend to be deposited in the upper respiratory tract,
while smaller particles can penetrate the alveoli. Particles
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which reach the alveoli are not necessarily deposited there since 
the percentage of retention decreases for particles less than lu. 
Morrow (1964) noted discrepancies in the literature concerning 
the size for minimal deposition (0.1-0.5u), and pointed out that 
many particles in this size range are exhaled rather than deposi­
ted. Ayers and Buehler (1970) state the range of maximum depo­
sition to be O.5-3u.
All references to particle size are references to the equi­
valent aerodynamic diameter, which is defined as the diameter of 
a sphere of density lg/cnr that has the same terminal velocity as 
the particle in question. The smaller the particle the greater 
terminal velocity it attains, and the deeper it will penetrate 
the lungs.
The importance of determining particle size when considering 
effects on pulmonary function has been stressed by many, including 
Morrow (1964), Andersen (1966), Goldsmith (1968), Ayers and Bueh­
ler (1970) and Lee (1972).
Furthermore, most particulate sampling is done outdoors, and 
urban dwellers spend the majority of their days indoors. Studies 
in different communities suggest that under ordinary circumstances 
smoke concentrations indoors and outdoors are similar with respect 
to fine suspended particulates (Shepherd, Carey and Phair, 1958; 
Biersteker, Degraff and Nass, I965) and dust (Schaefer, Mohnen 
and Velrs, 1972).
However, Lee (1972) presented data which indicated that the 
mass median diameter (MMD) of particles Indoors is less than
the MMD outdoors. He attributed this to settling out of larger
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particles indoors where there is less turbulence. Thus, indoor 
particles present a greater inhalation hazard. More work must 
be done before the extent to which human health is affected by- 
particles can be determined, and the effects of particles indoors 
where man spends most of his time need particular attention.
Effect of Atmospheric Conditions on Human Health
Air pollution epidemiology attempts to relate air phenomena 
with health phenomena (Ayers and Buehler, 1970). Health phenomena 
have been evaluated in numerous ways in epidemiological studies, 
Including morbidity and mortality rates, hospital admission 
records, questionaires, frequency of respiratory illnesses, and 
respiratory function tests. Goldsmith (1968, I969) is critical 
of many early epidemiologic studies because measurements of air 
pollution recorded by a city were used as indices of exposure 
over large areas. Location or place of residence was frequently 
used as an index of air pollution without considering that place 
of residence also reflects cultural and ethnic traits, living 
standards, climate, occupational exposure and exposure to different 
Infective agents. Many pollution factors were confounded by 
weather trends unaccounted for in the results. He notes that 
"there are many excellent surveys of pollution levels, and excel­
lent surveys on possible health effects, but rarely an excellent 
job of relating the two over the same time in the same location.”
Anderson and Ferris (1965) are also critical of epidemiologic 
studies, especially regarding the use of questionaires for the 
evaluation of health effects, a technique frequently used in Great 
Britain. He also questions the reliability and validity of many
18
air pollution monitoring systems.
Conclusions drawn from epidemiologic studies are based on 
statistical techniques. Multiple regression is frequently em­
ployed when evaluating the effects of multiple factors on various 
health indices. However, nonparametrie and more sophisticated 
statistical procedures are described by Ury and Hexter (1969)•
Reinke (1969) and Cox and Zimmer (1971). Others have introduced 
correction factors into evaluation formulas to account for meteo­
rological and pollutant interactions, masking effects, time trends 
and non-linearity (Sterling, Pollack and Phair, 19^7J Sterling, 
Pollack and Weinkam, 1969 and Verma, Schilling and Becker, 1969). 
Goldsmith (1969) remarked that the epidemiologist needs to have 
a highly competent and original statistician to assist him.
There are numerous studies evaluating mortality rates during 
periods of high pollution, and many show an increase in deaths from 
respiratory illnesses. Greenburg et al. (1967) showed that ap­
proximately 200 to 400 excess deaths in New York could be attributed 
to a specific long-term incidence of high pollution. Toyama (1964) 
noted a significant correlation between the death rate from bron­
chitis and the monthly dustfall in Tokyo between 1956 and 1959.
Manos and Fisher (1959) found that certain causes of death showed 
a high positive correlation with various indices of air pollution 
such as fuel consumption and industrial production. Winkelstein 
et al. (1967) revealed that the mortality rate for asthma, bron­
chitis and emphysema in white males, ages 59 to 6^ increased by 
more than 100< as particulate pollution rose from below 80jig/mJ 
to more than 135jtig/m^. Schimmel and Greenburg (1972) published a
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retrospective study of deaths in New York, and concluded that with 
a high degree of probability many of the deaths would not have 
occurred when they did in the absence of air pollution. They also 
pointed out that over 40^ of the respiratory deaths between 19&3 
and 1968 were associated with short-term high pollution incidences.
Additional studies establishing positive correlation between 
one or more Indices of pollution levels and excess mortality are 
cited by Lave and Seskln (1970) and Holland (1972).
Another correlation frequently reported is frequency of mor­
bidity with air pollution. Toyama (I96A) noted that urban districts 
in Japan with a high degree of air pollution have higher relative 
frequencies of respiratory disease than any other disease. In 
New York City, Lebowltz, Cassell and McCarroll (1972) found a 
subgroup of Individuals in lower Manhattan who could be classified 
as ’’sensitives”, and who showed more incidence of respiratory 
illness during events of abnormal environmental conditions, in­
cluding high air pollution, low temperature and high barometric
pressure.
Examining hospital admissions, Sterling et al. (19&7) found 
numerous significant correlations between length of hospital stay 
for a variety of diseases and NO^. oxides of nitrogen, ozone
and particulate levels. Likewise, Sterling et al. (1969) found 
the same type of correlation between the length of hospital stay 
and total pollution to which the patient was exposed during that 
stay. Of greatest importance however, were the cumulative effects 
of pollution, and interaction among pollutants, and among pollu­
tants and meteorological variables.
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In experimental studies McDermott (1962) showed that normal 
subjects exposed to 19.000, 33.000 and 50,000ug/m^ of artificial 
coal dust showed Increased airway resistance, and the response 
correlated with the weight of particles between 3.6 and ?u. No 
changes in airway resistance were noted after inhalation of 8,000 
or 9»000ug/nP. Toyama (1964) exposed ten subjects to 10,000ug/m^ 
coal dust. The degree of increased airway resistance was depen­
dent on individual sensitivity with wide variations, Including 
one individual who showed no response. Both of these experimental 
exposures involve much higher concentrations than normal, daily, 
ambient air exposures.
Dubois and Dautrebande (1958) reported that five human 
subjects without respiratory disease showed significantly increased 
airway and pulmonary resistance after exposure to chemically inert 
dust particles (less than 5u) consisting of calcium carbonate 
powder, aluminum powder and aerosolized India ink.
All of these studies Indicate significant relationships 
between one or more atmospheric contamination indices and human 
health or respiratory response. However, there are many discre­
pancies in the literature, and when meteorological variables are 
measured along with pollution the relationships are not as clearly
defined.
Boyd (i960), who studied weekly mortality during seven win­
ters (194? through 1954) In London, found temperature and absolute 
humidity to be the most closely associated with deaths from 
respiratory disease in persons 45 years of age and over, and air 
pollution factors were of lesser Importance than climatic variables.
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Verma et al. (1969) found, no strong positive relationship be­
tween respiratory related, absences from work and. pollution vari­
ables, but did. find that during cold days when SO^ and smoke 
shade levels were high that respiratory illness absence rate was 
at its highest level. Schoettlln and Landau (1961) observed no 
significant correlation between asthma attacks and measurements 
of particulates, temperature or humidity in the Los Angeles area, 
but a significant relationship was noted between asthma attacks 
and incidence of plant damage.
In Philadelphia, Girsch et al. (19&7) found a threefold in­
crease of asthma on days of high pollution, a fourfold increase 
during days of high barometric pressure, and a ninefold Increase 
during periods of stable atmosphere where both high barometric 
pressure and high pollutant levels coincided.
Cohen et al. (1972) showed temperature to have the strongest 
inverse association with asthma attack rates in a New Cumberland, 
West Virginia population. He also noted a positive relationship 
with particulate levels. In a five year study at the University 
of Minnesota, Cowan and Paulus (1969) did. not find any significant 
correlation between asthma Incidence and the amount of total 
suspended particulates. However, they did find significant rela­
tionships between asthma attacks and smoke spot readings, SO^ con­
centrations, mean daily temperature (inverse), relative humidity, 
barometric pressure changes, and wind direction and velocity.
They concluded that meteorological effects appeared to be less 
important than air pollution on the incidence of asthma.
Waller (1971) presented evidence that decreased smoke and
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SOg contamination in London air in recent years has been accom­
panied by improvement in asthmatic, bronchitic and emphysema 
patients. Burrows, Kellogg and Busky (1968) showed the severity 
of symptoms in chronic bronchitis and emphysema patients to be 
inversely related to temperature, and that air contaminants did 
not appear to play a major role in producing symptomatic exa­
cerbations .
Rokaw and Massey (1962) measured respiratory function four 
times a week over an 18-month period in a relatively stable group 
of 31 patients with severe chronic obstructive lung disease, and 
also in a group of subjects with no known respiratory impairment. 
Weather and various air pollutants, including particulates, were 
also monitored. Only occasional correlations of slight signifi­
cance were found between environmental variation and performance, 
and no response to major smog episodes was noted.
Holland, Spicer and Wilson (1961) assessed the relationship 
between various meteorological quantities, air pollution (measured 
by smoke concentration), and admission to a hospital for pulmonary 
disease in adults over 15 years of age for the years 1955 through 
1958. They found a significant inverse correlation with tempera­
ture and a significant positive correlation with pollution, al­
though the pollution relationship did not show up in a similar 
study of respiratory disease Incidence at three Royal Air Force 
recruiting stations.
Among a group of 100 male students at a Baltimore college, 
Spodnlk et al. (1966) found respiratory function changes corre­
lated significantly with temperature outdoors on the day of
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measurement. No significant correlation was found with indoor 
temperature, barometric pressure, wind speed and direction, per­
cent cloud cover, or suspended particulate levels.
Studies done in areas closely related in meteorology, but 
differing in pollution levels limit weather as a complicating 
factor. In two nearby towns in Pennsylvania with differing 
pollution levels Prlndle et al. (19&3) showed significant dif­
ferences in the degree of airway resistance of the populations, 
which appeared to be related to pollution level differences. 
Likewise, Toyama (196^) showed significantly lower expiratory 
flow rates in school children from highly polluted areas as op­
posed to those in children of clear air sections of Tokyo. In a 
similar study by Anderson and Klnnis (196?) in Canada, the peak 
expiratory flow rates of children in a community where air pollu­
tion was a problem were significantly lower than rates from child­
ren in a clean, control community.
It seems reasonable to conclude that high levels of some air 
pollutants as well as varied meteorological conditions may be 
generally stressing to the human organism. However, the respec­
tive roles of particulate pollution and specific meteorological 
variables in respiratory stress remain unclear.
2^
MATERIALS AND METHODS
Subjects and Respiratory Measurements
Five male and five female, non-smoking university students 
were selected to participate in the study. The students reported 
to the laboratory at the same time each day for respiratory tests. 
For several minutes before examination the subject sat at rest 
and was acclimated to room temperature. Both resting tidal vol­
ume and forced expiratory records were obtained.
Tidal volume measurements were made using an impedance pneu­
mograph, which is a relatively new device that has been shown to 
be a very sensitive measure of changes in thoracic impedance and 
volume (Geddes and Hoff, 1962; Kubleck, Kinnen and Edin, 196^; 
Baker, Geddes and Hoff, 1965; Pacela, 1966; Weltman and Ukkestad, 
1969 and Valetinuzzl, Geddes and Baker, 1970). The impedance 
pneumograph provided an indirect measurement of respiration through 
the relationship between thoracic electrical Impedance and res­
piratory volume. I
Following cleansing of the body surface with standard elec­
trode cream, disc electrodes were carefully placed on the body 
along the mldaxlllary line at the level of the sixth or seventh 
rib on each side of the body. A third electrode was placed on 
the subject’s right arm to act as a ground. The electrodes were 
placed in the same position dally, and no air spaces were present 
between the washer and body surface.
The Impedance pneumograph was not calibrated volumetrically
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so tidal volume measurements were recorded in average ohms per 
breath. The daily rate of respiration, exhalation time in sec­
onds, ratio of exhalation time to breaths per minute, and timed 
minute volume of respiration in ohms per minute were also recorded.
Current was supplied by an E&M Instrument Company Physiograph 
’’Six” with an amplifier and Impedance pneumograph transducer.
Graphic records were obtained and identical amplification, chart 
speed and pen position were used for each subject throughout the 
study. A typical impedance pneumograph record is shown in Fig. 1.
Forced expiratory records were measured using a McKesson 
Vltalor, a standard instrument used clinically for the detection 
of respiratory impairment. A spirogram (Fig. 2) was obtained each 
day for each subject. The maximum expiratory flow rate (FEF) in 
liters per minute and forced expiratory volume at one second (FEV^), 
determined from the spirogram have been shown to be reliable 
parameters for detecting pulmonary obstructive and restrictive 
tendencies (Gaensler and Wright, 1966; Meisner and Hugh-Jones,
1968; Palmer and Diament, 1968a, 1968b; Ferris, 1970 and Bouhuys, 
1971). Another parameter used was the FEV^/Forced Vital Capacity 
(FVC) in liters, expressed as a percent (FEV^). A value of 75^ 
or lower indicates obstructive impairment (Palmer and Diament, 
1968b). For all pulmonary parameters, both resting and forced, 
dally means were computed for the ten subjects.
Atmospheric Measurements
Data collection began September 25» 1972, and ended April 10,
1973» &nd Included 100 samples. Data were recorded daily, excluding
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Fig. 1. Impedance pneumograph record showing 
method of calculation of tidal volume 
in ohms/breath and exhalation time in
seconds
1.46/BREATH
1.75 1.75 2.25 1.75 1.75 1.5 1.5
2.7 OHMS/BREATH 
(AVERAGE TIDAL VOLUME)
1.90 SEC.
(AVERAGE EXHALATION TIME)
5 SEC. INTERVALS
Fig. 2. Spirogram showing FEF, FEV^ and FVC.
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weekends, holidays and days when more than one subject was absent. 
For the first half of the study 24-hr total particulate samples 
were collected each day with a high volume air sampler (General 
Metal Works, Cleves, Ohio). Midway through the study an acces­
sory was added to the sampler that categorized the particles into 
five aerodynamic size ranges. Fig. 3 shows the high volume sam­
pler with the Andersen particle sizing head ready to be placed in 
position. The five size ranges were: 7u and above; 3*3 to 7M;
2.0 to 3.3>U 1.1 to 2.Op and 0.01 to l.lp. No further analysis 
of the particles was made.
The sampling station was located near the center of the 
University of Dayton campus at the west entrance to Sherman Hall. 
Filters were dried overnight at 100 C in a drying oven both before 
and after sampling, weights being taken each time 5 min after 
removal from the oven. Particulate measurement is given as jug/m^.
Temperature and relative humidity were recorded 6in from 
ground level at the sampling station with a Taylor Instrument 
Company hygrothermograph. Daily means were computed from read­
ings taken every 2 hrs.
Wind velocity was measured by a recording anemometer (Gulton 
Industries, Model 288, Manchester, New Hampshire) on the top of 
Sherman Hall. The dally average was computed from hourly readings 
of the maximum and minimum velocities. Wind direction was recorded 
four times daily, although no attempt was made to correlate di­
rection with pulmonary performance.
Barometric pressure was recorded with a Maxant Compact baro­
graph kept in the laboratory. Dally averages were computed from
29
Fig. 3. General Metal Works high volume air
sampler with Andersen particle sizing 
head ready to be secured over backup
filter
30
readings taken every 2 hrs. The difference between the 24-hr 
maximum and minimum temperature and the 24-hr change in barometric 
pressure were also used as meteorological variables.
From the Vandalia, Ohio weather station dally Information 
was obtained on the presence, height and degree of surface tempera­
ture Invers1ons.
The 24-hr sampling period extended from 2 PM one day to 2 PM 
the following day. Particulate sampling filters were changed be­
tween 12 PM and 2 PM dally, collection taking place for exactly 
24 hrs. Data on pulmonary performance were recorded between 10 AM 
and 2 PM on the day following the first 19 hrs of the sampling day. 
During the analysis of the data, correlation with respiratory re­
sponses during the same 24-hr period, and also with responses after 
a 24-hr lag was made for all atmospheric variables.
Statistical Analysis
The data were treated with complete and rigorous multiple 
regression. Each dependent variable (FEF, FEV^, FEV^#, tidal 
volume, exhalation time, ratio of exhalation time/breaths per 
minute and minute volume) was correlated with the eight atmos­
pheric variables ( mean temperature, mean relative humidity, mean 
barometric pressure, mean wind velocity, total suspended particu­
late, Inversion gradient, 24-hr change in temperature and 24-hr 
change in barometric pressure) using BMD’s biomedical computer 
program BMDR02 for multiple regression (Dixon, 196?).
During the last 55 days of the study data for each of the 
five size ranges of particulates were also correlated with the 
same respiratory data as the other atmospheric variables.
•1
RESULTS
Respiratory measurements were averaged, for the ten subjects 
over the study period, and a summary can be found in Tables 1 and 
2. Details of the relationships found between atmospheric and 
forced respiratory measurements, using multiple regression are 
presented in Tables 3 and 4-, and those between resting records and 
atmospheric variables in Tables 5 and 6.
Forced Expiratory Measurements
Effect of Temperature
Both mean temperature and the 24-hr difference between the 
maximum and minimum temperature (degree of temperature change) 
showed a significant relationship with the mean FEV^. During the 
same 24-hr period, lower temperatures were accompanied by lower 
FEV^ means (P<0.01), and the greater the temperature change the 
lower the mean FEV^ (P<0.01).
After a 24-hr lag the degree of change in temperature was 
still inversely related to FEV^ (P =0.01). No significant rela­
tionships with either FEF or FEV^% were found.
Effect of Relative Humidity
During the same 24-hr period no significant correlations 
between mean relative humidity and any of the forced records were 
found. A trend toward an inverse relationship with the mean FEV^ 
can be seen during the same 24 hrs in Table 3. After a 24-hr lag 
a significant inverse correlation between mean relative humidity 
and mean FEV^ was apparent (P =0.01).
32
Ta
bl
e 1.
 One H
un
dr
ed
 Da
y A
ve
ra
ge
 of 
D
all
y M
ea
ns
 for
 Re
sp
ira
to
ry
 Ev
al
ua
tio
n
k
05
rzS - £
§2 
-p p 
co W
£
d o 
p *-l 
aS -P 
d Ct5 
a «h 
aS > 
-P <D 
CO Q
o 
r—I 
X> 
aS ■p 
P 
aS 
>
o
-p
as
P«cM
ex
CO
oca
tH sO x—< o
▼H O CM o o o o-
• • • • • • •
CM o o o o o o
+ 1 + 1 + 1 + 1 + 1 + 1 + 1
-4-
Os so t-4
-3-
o r-<
• • • • • •
o tH o O o
CM
+ 1 + 1 + 1 + 1 + 1 + 1
+ 1
o
o
•
-3-
• • •
SO
CM
•
V\
•
\O CM CM o 00
O- 00 CM
<D
<D oo x: £
O £ -P aS
<D aS aS d
5?
CO d a) a) *4
a) P ex a-P ft Xi a
50 a o £
P —1 p e 0
<D <-» <p ex
<P <P fX o0 O
c to <D £ co
•H £ CO CO O CD a
a wH
P 1
■>—«■ «H -P 
•P £
Xo
p 3 o 0 aS £ v-x
<D d e r~1 «H
ex aS S3 <1)
co Q) E-t X A
CO p g k p 3
p a) 3 £ W a) rH
0) -P r—1 O ex O
■P •H O >
«-» r—1 > -P o co
i—1 aS X 0
• r-1 r-1 O -P •pt—4 T-« t£ aS aS —i aS £
d tx > > £ d X •P Q) £
<D w KJ KJ •H K as P —«
o (X, tx, P E-» W efi CQ JE
p CO
O a)
(x, cc
33
Ta
bl
e 2
. One 
H
un
dr
ed
 Da
y A
ve
ra
ge
 of 
In
di
vi
du
al
 Me
an
s fo
r R
es
pi
ra
to
ry
 Ev
al
ua
tio
n.
02 vs 00 -d- SOCM CS-• • • • • •
00 -3- cv vs P Cs-
00 Os -3-
tO -d- o O o o
£ p O P p p o
05 P P
cn o rs vs
p so -3- x—t CM O so• • • • • •o CM c*s ▼H ▼H o o
00 sO CM
CM
c £\-o SO Os -3- Os o ▼H
£ P • • • • • •
g5 p 0- o rH o o 00
Tf as 00
£ P
aS t» + 1 4-1 + 1 4-1 4-1 4-1 4-1
P <D
co Q
o
rs
•
■d-
•
-d-
•
C*>
•
SO
CM
• •
rs rs so CM CM o co
00 CM
rs
o
Q)*-*
O X
C P
CD
O
§~
o aS aS xf c
co X <i) <D P
p
<D £ 
ex X>
ex 8 
8
co 8 CD p £
£ P £ a CD
p a? p Vi ft
v £ CX ~ Eh 0o o
£ to CD a cop £ co CO o cd 8
CD 8 p 8 p p X
r4 £ £ p £ o
X £ £ O CD as £
as CD xJ >—*■ 8 r-4 p
p ex <-i aS £ ®
£ co CD Eh x g
a} co £ g H £ 3
> £ ® 3 £ ey ® r4
4) P r4 O ex OP p o p V >
£ P r4 > P o co
O r4 >—■* aS X ®
P >—* r4 r-4 o P P
as T“1 t-4 to as aS p aS £
£ &< > > £ x5 x p <D a
p 0) cy ty w p p H aS £ pex o ex, ex, ly p Eh txj ttJ CQ £
co £ co
CD o ®
aj ey cy
J4
Effect of Barometric Pressure
The correlation between mean barometric pressure and mean 
FEV^ was not significant at the 1% level (P =0.025)» but after 
a lapse of 24 hrs it was highly significant (P <0.001). A linear 
regression of mean barometric pressure and mean FEV^ after a 24-hr 
lag can be seen in Fig. 4.
Degree of change in barometric pressure during the same 24-hr 
period showed a significant inverse relationship to mean FEF 
(P =0.01). Thus, the more the barometric pressure increased dur­
ing the 24 hrs, the less was the mean FEF value, since plus and 
minus changes in the barometric pressure were recorded in the raw 
data. This relationship should be viewed with reservation since 
the FEF measurement was the most unreliable of the respiratory 
parameters (see discussion).
Effect of Wind Velocity and Inversion
No significant correlations were found between mean wind velo 
city and forced expiratory measurements. Inversion data suggested 
a direct relationship with FEF during the same 24-hr period, but, 
as will be discussed later, the method of recording inversions was 
not indicative of the actual mixing depth, making this apparent 
correlation questionable.
Suspended Particulates
No significant relationships were found between the forced 
expiratory records and either total or size-categorized particu­
late concentrations during the same 24 hrs or after a 24-hr lag. 
Significant relationships would have to exist in order to suggest 
any pulmonary obstructive tendencies from air-borne particulates.
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Fig. Scatter plot and calculated
line of mean FEV^ with mean 
pressure after a 2^-hr lag. 
or regression coefficient.
lation coefficient, a = two
regression
barometric
b = slope
r = corre-
coincident
points
&H S3H0NI Nl 3UnSS3dd 0ia±3IN0UVa NV3IN
FE
V,
 (LIT
ER
S)
29
.5
80
36
Particulate concentrations during the study period averaged 
59.8 - 24.4 jig/m , ranging in 24-hr total concentration from 
23.4 to 148.0 ug/m^. Particle sizing showed most particles to 
be in the 0.01 to 1.In category (concentration mean = 24.1 - 8.4 
jig/mJ)^and and above category (concentration mean = 20.4 - 
11.7 jug/m^). Concentrations in the 3.3 to 7p, 2.0 to 3• 3p and 
1.1 to 2p categories were negligible, concentration means being 
9.0 i 7.1, 4.4 i 4.3, and 4.3 - 6.4 jig/m^ respectively.
Resting Respiratory Records
Effect of Temperature
Temperature was the most significant atmospheric variable 
related to resting pulmonary records. Mean temperature showed 
highly significant positive correlations (P<0.001) with both 
mean tidal volume and mean minute volume of respiration during the 
same 24 hrs and also after a lapse of 24 hrs. Linear regressions 
for these relationships were obtained from the computer, using 
BMD’s biomedical computer program BMD05D (Figs. 5» 6, 7 and 8).
The degree of change in temperature during 24 hrs also showed 
a strong inverse relationship to tidal volume during the same 
24 hrs (P< 0.001), and after a 24-hr lag (P =0.001). The greater 
the degree of change in temperature the less volume exchanged per 
breath. Minute volume relationships were not as strong (P =0.025), 
indicating a possible change in the rate of breathing to compen­
sate for change in tidal volume. None of the other resting val­
ues showed significant relationships to temperature.
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Table 3. Summary of Multiple Regression of Forced. Expiratory 
Measurements and. Atmospheric Variables During the 
Same 24 Hrs.
Meteorolog'.cal Mean Mean Mean
Variable FEF FEV1
Mean Temperature
F value (F) 0.2 4.4 0.6
Degrees of Freedom (DF) 5/94 3/96 4/95
Regression coefficient (b) -0.08 0.002 0.01
Correlation coefficient (r) 0.06 0.14 0.06
Mean Relative Humidity
F 0.1 1.8 0.7
DF 8/91 4/95 3/96
b -0.04 -0.001 -0.009
r 0.004 0.18 -0.11
Mean Barometric Pressure
F 2.5 5.3 0.03
DF 2/97 1/98 8/91
b -12.8 0.12 0.20
r -0.16 0.23 0.02
Mean Wind Velocity
F 0.1 0.7 1.3
DF 7/92 6/93 2/97
b -0.20 0.004 0.06
r 0.02 -0.15 0.07
Total Particulates
F 0.1 0.7 0.1
DF 6/93 5 / 94 7/92
b -0.03 0.0005 0.003
r -0.001 0.04 0.02
Inversion
F 4.7 0.3 1.4
DF 3/96 7/92 1 / 98
b 0.67 -0.001 0.03
r 0.13 0.04 0.12
Change in Temperature
F 0.6 5.7 0.3
DF 4/95 2/97 5 / 94
b 0.25 -0.005 -0.02
r 0.08 -0.22 0.02
Change in Barometer
F 6.1 0.1 0.2
DF 1/98 8/91 6/93
b -18.8 -0.02 -0.32
r -0.24 -0.10 -0.03
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Table 4. Summary of Multiple Regression of Forced Expiratory 
Measurements with Atmospheric Variables After a 24” 
Hr Lag.
Meteorological Mean Mean Mean
Variable FEF FEVX F2V.£
Mean Temperature
F value (F) 0.5 3.2 0.9Degrees of Freedom (DF) 4/70 3/71 4/70
Regression coefficient (b) -0.15 0.003 0.06
Correlation coefficient (r) -0.01 0.11 0.13
Mean Relative Humidity
F 1.2 3.5 0.7DF 2/72 4/70 6/68
b 0.14 -0.002 0.05r 0.09 -0.29 0.04
Mean Barometric Pressure
F 0.04 13.6 0.4
DF 8/66 1/73 5/69
b 2.50 0.20 1.86
r -0.01 0.40 0.10
Mean Wind Velocity
F 0.08 2.2 0.1
DF 7/67 5 / 69 7/6?
b 0.21 0.01 0.09r 0.01 -0.15 -0.13
Total Particulates
F 0.07 0.3 0.04DF 6/68 7/67 8/66
b 0.03 0.0004 0.007
r 0.1 0.06 0.04
Inversion
F 1.5 0.4 1.3
DF 3/71 8/66 2/72
b 0.48 -0.002 0.12
r 0.15 0.04 0.12
Change in Temperature
F 1.7 4.6 1.1DF 1/73 2/72 3/71b 0.45 -0.005 -0.12
r 0.15 -0.20 -0.11
Change in Barometer
F 0.6 0.6 2.8
DF 5/69 6/68 1/73
b -6.62 0.04 -4.28
r -0.03 -0.02 -0.19
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Fig. 5. Scatter plot and least square regression 
of mean tidal volume with mean tempera­
ture during the same 2^ hrs. b = slope 
or regression coefficient, r = correla­
tion coefficient, a = two coincident
points
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Fig. 6. Scatter plot and computed regression line 
of dally mean minute volume of respiration 
with mean temperature for the same 2^ hrs. 
r = correlation coefficient, b = slope or 
regression coefficient, h = two coincident 
points.
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Fig. ?. Scatter plot and calculated regression line
of daily mean tidal volume with mean tempera­
ture after a 24-hr lag. b = slope or regres­
sion coefficient, r = correlation coefficient.
b = two coincident points
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Fig. 8. Scatter plot and calculated regression line 
of daily mean minute volume of respiration 
with mean temperature after a 24-hr lag. 
b = slope or regression coefficient, r =
correlation coefficient, s = two coinci­
dent points.
OO
O HU
XI k-
1
67
.5
00
o o O o O O O oo o O o O O O oq iq o iq o IO o IO
6 04 id rL 6 04 id KIO ro ro 04
16
.0
00
 
20
.0
00
 
24
.0
00
 
28
.0
00
 
32
.0
00
 
36
.0
00
 
40
.0
00
 
44
.0
00
 
48
.0
00
 
52
.0
00
M
E
AN
 MI
N
UT
E V
O
LU
M
E 
(O
H
M
S/
M
IN
U
TE
)
(d) S33d93Q Nl 3dniVd3dlAI31 NV3IN
4;
Effect of Mean Relative Humidity
During the same 24 hrs mean relative humidity did not show 
a significant relationship to any of the resting records. After 
a 24-hr lag the relationship of tidal volume to relative humidity 
became more significant (P-<0.01). No other relationships between 
relative humidity and resting records were noted.
Effect of Barometric Pressure
Next to temperature correlations the correlations between 
barometric pressure and resting records were the most significant. 
Mean barometric pressure showed strong positive relationships to 
tidal volume and minute volume of respiration both during the 
same 24 hrs (P< 0.001) and after a 24-hr lag (P< 0.001). Linear 
regressions for these relationships can be seen in Figs. 9» 10,
11 and 12.
The degree of change in barometric pressure did not appear 
to have significant relationships to the resting records as it 
tended to do with some of the forced expiratory measurements.
Effect of Mean Wind Velocity and Inversion
No significant relationships between the wind velocity or 
degree of inversion with any of the resting records were found.
Suspended Particulates
Particulate concentrations did not show any relationships 
to the resting records. This was true for both total and size 
range concentrations.
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Table 5. Summary of Multiple Regression of Breathing Measurements
at Rest With Atmospheric Variables During the Same 2b Hrs.
Meteorological
Variable
Mean
Tidal
Volume
Mean
Seconds
Exhalation
Mean
Ratio
Mean
Minute
Volume
Mean Temperature
F value (F) 25.1 0.2 5.9 25.3
Degrees of Freedom (DF) 1/98 4/95 1/98 1/98
Regression coefficient (b) 0.02 -0.001 -0.0008 0.27
Correlation coefficient (r) 0.45 -0.03 -0.24 0.45
Mean Relative Humidity
F 2.8 F level 0.1 0.8
DF 4/95 below 3/96 6/93
b - 0.004 tolerance -0.0001 -0.03
r 0.22 0.13 -0.15
Mean Barometric Pressure
F 4-0.1 0.1 F level 30.0
DF 2/97 6/93 below 2/97
b 1.1 -0.03 toler- 12.3
r 0.40 -0.06 ance 0.35
Mean Wind Velocity
F 0.04 1.2 0.07 0.3
DF 8/91 2/97 5/94 7/92
b 0.003 0.004 -0.0003 0.11
r 0.03 0.09 -0.05 -0.29
Total Particulates
F 1.7 0.03 0.02 0.6
DF 6/93 7/92 6/93 4/95
b 0.002 -0.0001 0.00003 0.02
r 0.01 -0.01 0.10 0.03
Inversion
F 1.1 0.2 1.9 0.7
DF 5/94 5/94 2/97 5 / 94
b -0.007 0.001 0.001 -0.16
r 0.12 0.02 0.11 0.13
Change in Temperature
F 10.3 0.9 0.02 3.8
DF 3/96 3/96 7/92 3/96
b -0.21 0.002 -0.0001 -0.17
r -0.17 0.09 -0.003 -0.09
Change in Barometer
F 0.5 1.0 0.1 0.01
DF 7/92 1/98 4/95 8/91
b 0.006 -0.54 -0.005 0.23
r -0.07 -0.10 0.01 -0.09
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Table 6. Summary of Multiple Regression of Breathing Measurements 
at Rest With Atmospheric Variables After a 24-Hr Lag.
Me te orologi cal
Variable
Mean
Tida?
Volume
Mean
Seconds
Exhalation
Mean
Ratio
Mean
Minute
Volume
Mean Temperature
F value (F) 19.3 0.3 5.5 19.2Degrees of Freedom (DF) 1/73 4/70 1/73 1 / 73
Regression coefficient (b) 0.02 -0.001 -0.001 0.28
Correlation coefficient (r) 0.46 -0.04 -0.27 0.46
Mean Relative Humidity
F 4.1 0.7 0.03 2.4
DF 4/70 2/72 8/66 4/70
b -0.006 0.001 -0.0001 -0.06
r -0.22 0.11 -0.04 -0.20
Mean Barometric Pressure
F 23.3 0.2 0.3 24.2DF 2/72 5/69 6/68 2/72
b 1.00 0.04 0.01 12.7
r 0.39 -0.05 -0.01 0.39
Mean Wind Velocity
F 0.04 0.9 1.5 0.4
DF 6/68 1/73 3/71 8/66
b 0.0003 0.004 0.001 1.50
r -0.31 0.11 0.21 -0.29
Total Particulates
F 0.01 0.03 1.1 0.8
DF 7/67 7/6? 4/70 5 / 69
b -0.003 0.0001 ‘0.0002 -0.03
r -0.01 0.05 0.12 -0.07
Inversion
F F level l.i 0.2 0.2
DF below 3/71 5 / 69 7/67
b tolerance 0.003 -0.0004 0.06
r 0.05 -0.09 0.20
Change in Temperature
F 6.2 0.1 0.03 3.2
DF 3/71 6/68 7/67 3/71
b -0.02 0.001 -0.0001 -0.18
r 0.14 0.07 0.02 -0.08
Change in Barometer
F 1.3 F level 3.3 0.5
DF 5 / 69 below 2/72 6/68
b 0.21 tolerance 0.03 1.63
r -0.05 0.23 -0.08
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Fig. 9. Scatter plot and computed regression line
of dally mean barometric pressure with mean 
tidal volume during the same 24 hrs. b = 
slope or regression coefficient, r = cor­
relation coefficient, a = two coincident
points
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Fig. 10. Scatter plot and. computed, regression line 
of daily mean minute volume of respiration 
with mean barometric pressure during the 
same 24 hrs. b = slope or regression co­
efficient. r = correlation coefficient.
e = two coincident points
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Fig. 11. Scatter plot and calculated regression line 
of daily mean tidal volume with mean barome­
tric pressure after a 24-hr lag. b = slope 
or regression coefficient, r = correlation
coefficient, s = two coincident points
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Fig. 12. Scatter plot and computed regression line 
of dally mean minute volume of respiration 
with mean barometric pressure after a 24- 
hr lag. b = slope or regression coeffi­
cient. r = correlation coefficient, b =
two coincident points.
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DISCUSSION
The results point toward two generalizations: 1) variables 
such as temperature and barometric pressure show a much greater 
relationship to pulmonary performance than do particulate pollu­
tion concentrations, ii) the resting record is more responsive 
to temperature and barometric pressure changes than the forced 
expiratory record.
The strong relationships found between temperature and tidal 
volume indicate that there may be a generalized stress on the 
body. This stress can manifest itself by restricting the neuro­
muscular activity of breathing (Krumholz, R.A., M.D., Kettering 
Memorial Hospital, Dayton, Ohio, personal communication). The 
same stress is also evident during periods of greater temperature 
change. It is likely that the Impedance pneumograph used to 
measure tidal volume would reflect neuromuscular changes since 
it is a very sensitive electrical system.
Temperature also correlated significantly (P40.01) with 
FEV^ showing impairment at low temperatures or with large changes 
in temperature. This also implies stress, and may or may not be 
Indicative of functional obstructive tendency.
Temperature relationships were noted during the same 24 hrs, 
and following a 24-hr lapse the relationships either remained or 
began to decrease in significance. Tidal volume relationships 
to degree of temperature change were highly significant (P^ 0.001)
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during the same 2U hrs and after a 2^-hr lag, while minute vol­
ume correlations were less significant (P =0.025). This may 
Indicate an increase in respiratory rate to compensate for de­
creased volume during periods of changing temperature stress.
The temperature correlations found are in agreement with many of 
the studies already cited which show low temperatures and great 
degrees of temperature change to be stressing to humans.
Tromp (1967) discussed temperature stress and its relation 
to a variety of physiologic and pathologic phenomena, including 
respiratory function, heart disease, autonomic nervous system 
reaction, sensitivity to drugs and infectious disease contraction. 
Tromp (1962), Tromp and Weihe (1967) and Goldstein (1972) also 
refer to temperature stress. The stress effects of temperature 
extremes and radical temperature changes are well documented, but 
the actual mechanism reflected in the resting breathing record
here is unknown.
Tromp (1967) points out that one of the principle centers 
through which meteorological stimuli can control physiologic 
processes is the hypothalamus, which in turn controls the pitui­
tary and other hormonal functions. In the respiratory tract 
cool air decreases permeability of the membranes, and can cause 
a constriction of blood capillaries. However, speculation on 
the exact pathways which might be operating here from the hypo­
thalamus to the breathing centers controlling tidal and minute 
volumes is beyond the scope of this paper.
Barometric pressure is also a potentially stressing meteo­
rological variable. The direct relationship between mean baro­
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metric pressure and tidal and timed volumes indicate that low- 
barometric pressure is more stressing than high pressure on the 
quiet breathing mechanism. This is contrary to theories on the 
respiratory stress produced by increased pollution concentrations 
characteristic of periods of atmospheric stability and high baro­
metric pressure. However, this stress has been associated more 
with obstructive responses revealed primarily by forced expira­
tion. Yet mean barometric pressure in this study also reflected 
stress in the forced expiratory measurements, but showed a posi­
tive relationship to FEV^ rather than an inverse one. This re­
lationship did not appear very significant until after a 24-hr 
lapse (P <0.001), and again revealed low barometric pressure to 
be more stressful, indicating that stress responses may be both 
immediate and prolonged.
The Inverse relationship between mean relative humidity and 
FEV^ may reflect obstructive changes. It is well documented that 
asthmatics are usually more prone to attacks on days of high re­
lative humidity (Tromp, 1968). An explanation for this observa­
tion has been that irritating particles become hydrated and more 
soluble, thus increasing their obstructive potential. The rela­
tionship of the FEV^ and relative humidity is not Immediately 
clear, and the Impairment of the FEV^ is delayed for 24 hrs, sug­
gesting that if hydration of irritants is Involved it takes some 
time for the response to be noted.
The direct relationship between relative humidity and mean 
tidal volume after a 24-hr lag indicates that lower relative 
humidity is more stressing to resting respiratory performance
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than is high relative humidity. Dry air affects the respiratory 
tract by drying and decreasing the elasticity of the mucous mem­
branes, and decreasing ciliary activity, thus, impairing the dust 
clearing mechanism (Tromp, 1967). Dry air also decreases mucous 
secretion and antibody formation, decreases blood flow, and de­
creases warming of inhaled air. The latter two responses could 
retard neuromuscular response. Thus, as with lower temperature, 
low relative humidity might act by itself and synerglstically with 
temperature to produce this apparent stress in the resting res­
piratory activity.
The lack of clearly defined or easily explained correlations 
with inversion data is not surprising. Surface inversion depths 
and degree of the inversion (change in temperature from surface 
to the top of the inversion) were recorded daily, but there was 
not sufficient data obtained to calculate the mixing depth of the 
air. Only the degree of the Inversion was used in the multiple 
regression analysis wherein isothermal conditions were assigned 
a value of 0 F and no inversion was assigned a value of -5 F.
There was no control made for height. Future studies of this 
type should use the change in temperature in a given number of 
feet or the mixing depth (calculation described by Holzworth,
1969) as an index of the vertical air stability.
Particulate pollution did not show any significant relation­
ships to pulmonary performance records. There are a variety of 
possible explanations. First, it should be recognized that the 
mean concentration of 59.8pg/m^ found on campus during the study
Is low in comparison to the means reported by the Midwest Research
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Institute study of 1969 (Winfrey, 1969).
Some very important findings were made in the size clas­
sification of the particles. The high proportion of particles 
which were 7p or larger should not affect respiration since this 
size particle is rarely respired (Morrow, 1964; Andersen, 1966 
and Ayers and Buehler, 1970). This high concentration of larger 
particles could result from frequent temperature inversions. 
During the study period, 54 out of 100 days had temperature in­
versions off the surface, and many more had unrecorded inversions 
which began within a few hundred feet of the surface, but had the 
same stabilizing effect. Lee (1972) found that during inversions 
when the pollutants are held within a narrow range of relatively 
stagnant air the mean particle size Increases as a result of 
condensation and coagulation.
The other range of high particulate concentration was 0.01 
to l.lg. This may be due to precipitation effects on particu­
late pollution. Rainfall data was not kept during the study, 
but rainfall was above average in Dayton during each of the 
6 months involved (U.S. Weather Bureau, Wright-Patterson Air 
Force Base, Dayton, Ohio). Although precipitation generally 
has a cleansing effect on the atmosphere it removes few of the 
particles below 2p. (Wanta, 1968). Therefore, one might expect 
a higher concentration of particles in this range. While parti­
cles of this size range penetrate most deeply into the respira­
tory tract, particles below lp are not deposited or retained as 
readily as many larger particles (Morrow, 1964; Andersen, 1966). 
Furthermore, most of these particles penetrate the alveoli before
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deposition, and smooth muscle contraction from particle stimu­
lation, resulting in constriction and increased airway resistance 
is a bronchiole phenomenon. Thus, the particle sizes of impor­
tance in producing bronchoconstriction are in the intermediate 
size ranges where very little particulate concentration was found 
in this study. Thus, the lack of relationships with forced ex­
piratory records, which may have reflected obstructive tendency, 
is not surprising. Even at experimental concentrations of 8,000 
and 9»000ug/m^, McDermott (1962) found no changes in airway resis 
tance; and at 19»000ug/m3 the changes correlated to the weight 
of particles between 3.6 and 7u. Concentration averages in that 
size range in this study were only 9ug/m\
The chemical composition of the particulate samples was not 
determined. Composition may be an important variable in showing 
relationships (Ludwig and Stelgerwald, 1965). especially if sig­
nificant amounts of sulfate particulates, oxidants, or proteina­
ceous material were present. Future studies involving particu­
lates should account for qualitative chemistry as well as size of 
the particles.
Some comment is in order on the instrumentation used in the
laboratory to collect the respiratory records. There is no indi­
cation that the impedance pneumograph in the laboratory was any 
more or less sensitive than other impedance pneumographs cited in 
the literature. Even though a thorough calibration was not at­
tempted, Impedance pneumograph records were compared to actual 
volume measurements recorded on a Collins 13.5-Hter spirometer. 
The resistance to volume relationships were comparable to those 
found by Geddes et al. (1965) and Weltman and Ukkestad (1969).
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Both reported changes of impedance ranging from 2 ohms/liter for 
subjects of heavy build to 7 ohms/liter for those of slender 
build. Persons of medium build showed about ohms/liter. In 
the present work, all ten subjects were compared on both instru­
ments on three separate occasions, and the changes in impedance 
were close to those cited, heavier subjects averaging 1.5 ohms/ 
liter and slender subjects 6.^ ohms/liter.
The FEV^ and FVC of the McKesson Vltalor also compared fa­
vorably with those of the Collins spirometer. The FEF on the 
Vltalor, however, was derived from a condensed logarithmic scale, 
and is therefore probably less reliable than the FEV^ and FVC.
Since certain meteorological variables appeared more stres­
sing than particulate pollution to respiratory response in the 
Dayton area, future studies should be directed to further eluci­
dation of controlled, experimental effects of each of the mete­
orological variables. Specifically recommended are studies in­
volving more subjects, more sensitive subjects (having some res­
piratory disease), and a longer experimental period, of time.
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SUMMARY AMD CONCLUSIONS
The data obtained in this study of the relationship between 
atmospheric conditions and pulmonary performance has by no means 
resolved entirely the role of particulate air pollution and 
specific meteorological variables in respiratory stress. However, 
the findings from the ten subjects studied on the University of 
Dayton campus show some definite relationships that deserve fur­
ther attention. These are:
1. Meteorological variables play a more significant role in 
respiratory stress than particulate air pollution concen­
trations .
2. With the instrumentation used, stress was more apparent in 
the respiratory records measured at rest than in those mea­
sured by forced expiration.
3. Low mean temperature, rapid and large changes in temperature, 
high relative humidity, low mean barometric pressure, and a 
changing barometer were signlficantly related to impaired 
forced expiratory records, which may or may not be attributed 
to obstructive changes.
4. Low mean temperature, rapid and large changes in temperature, 
low relative humidity, and low mean barometric pressures 
correlated with high significance to respiratory stress 
reflected in the resting record of breathing.
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